The prognostic value for the post-chemoradiation therapy (CRT) pathologic stage is uncertain. The purpose of this study was to compare the pathologic stage in patients undergoing esophagectomy with and without preoperative CRT for esophageal squamous cell carcinoma (ESCC). This study retrospectively reviewed the data from 2151 patients with ESCC who underwent esophagectomy with or without preoperative CRT between 2008 and 2011 in Taiwan. Patients were divided into 2 groups. Group A consisted of patients treated with primary surgery without prior treatments (n=1301), and group B consisted of patients receiving preoperative CRT followed by esophagectomy (n=850). In group A, 679 patients received surgery alone, 92 received postoperative chemotherapy, 416 received postoperative chemoradiation therapy, and 114 received postoperative radiation therapy. In group A, the 3-year survival rates by pathologic stage were 82.2% for stage 0, 67.6% for stage I, 50.7% for stage II, 21.5% for stage III, and 14.8% for stage IV (P<.001). In group B, the 3-year survival rates of post-CRT pathologic stages 0, I, II, III, and IV were 59.4%, 46.0%, 40.3%, 19.1%, and 8.2%, respectively (P<.001). In multivariate analysis, the pathologic T, N, and M were all independent prognostic factors in both group A (esophagectomy alone) and B (CRT plus esophagectomy). The current, 7th edition of the esophageal TNM staging system could adequately stratify prognostic groups in patients with squamous cell carcinoma who were treated with preoperative CRT and esophagectomy. (J Natl Compr Canc Netw 
Background
Esophageal squamous cell carcinoma (ESCC) is one of the most aggressive malignancies worldwide. Most patients die within 1 year of diagnosis, and the 5-year overall survival (OS) rate is less than 20%. 1, 2 According to the NCCN Clinical Practice Guidelines for Oncology (NCCN Guidelines) for Esophageal and Esophagogastric Junction Cancers, treatment options for patients with locoregional cancer (T1b,N+, T2-T4a,N0-N+) include esophagectomy with or without preoperative chemoradiation or definitive chemoradiation (only for patients who decline surgery and recommended for cervical esophagus; to view the most recent version of these guidelines, visit NCCN.org). 3 The largest randomized trials concluded that preoperative chemoradiation therapy (CRT) improved survival among patients with potentially curable esophageal cancer. These trials included adenocarcinoma and squamous cell carcinoma (SCC), and therefore only a subset analysis shows that clinical lymph node (LN)-positive SCC benefits from preoperative CRT. 4 A recent randomized trial showed that definitive CRT is comparable to preoperative CRT followed by surgery in SCC of the mid to lower esophagus. 5 Recent meta-analyses also indicate that the addition of preoperative CRT leads to a survival benefit compared with surgery alone for the treatment of locally advanced esophageal carcinoma. 6, 7 As the use of preoperative CRT has become more prevalent, the need has emerged to determine the impact of this treatment on the post-CRT pathologic stage and patient outcome.
Accurate staging systems play a critical role in cancer treatment. They also provide clinicians and patients with the means to predict survival and select optimal treatment modalities, tailored to disease stage. The TNM tumor staging system is the most widely used system in the world. This staging system has evolved periodically, due to a better understanding of the advances in cancer prognosis. The latest edition of the AJCC TNM staging system was published in January 2010. This newly published staging system for ESCC relies on the retrospective analysis of pathologic data from 4627 patients treated by esophagectomy alone without induction chemotherapy or radiotherapy. With the increased use of preoperative therapy, the AJCC TNM staging system also includes the prefix "y." Pathologic reclassification after surgery that has been preceded by chemotherapy and/or radiotherapy is designated by "yp." Adenocarcinoma and SCC are considered different entities and are staged separately in the esophageal cancer staging system. 8 The use of preoperative CRT in treating locally advanced ESCC is becoming increasingly frequent. Surgical specimens resected after induction chemotherapy or radiotherapy must be carefully evaluated. Accurate post-CRT pathologic staging is important because it may provide prognostic information, which can help direct subsequent therapeutic decisions. However, using the post-CRT pathologic stage to predict prognosis is still uncertain and the number of relevant studies is limited. [9] [10] [11] [12] [13] [14] [15] [16] [17] Furthermore, the reasons for the discrepancy in outcome between the pathologic and the post-CRT pathologic stages in ESCC remain unclear.
Thus, the goal of this study was to investigate the survival outcomes between the pathologic and the post-CRT pathologic stages in a large series of patients with ESCC. The investigators reviewed patients with ESCC who underwent esophagectomy with or without preoperative CRT in Taiwan from 2008 to 2011.
Patients and Methods
The Taiwan Cancer Registry (TCR) The initial treatment modalities included definite CRT (n=3020); CRT followed by surgery (n=850); surgery alone (n=679); surgery followed by chemotherapy or/and radiotherapy (n=622); radiotherapy alone (n=442); chemotherapy alone (n=333); other treatments (n=34); and unknown treatment (n=160). Data were obtained to analyze the influence of pTNM and ypTNM staging on survival in patients undergoing esophagectomy. Therefore, a total of 2105 patients with ESCC undergoing esophagectomy were included in this study.
Patients were divided into 2 groups. Group A consisted of patients who underwent primary surgery without prior treatments (N=1301), and group B consisted of patients treated with preoperative CRT followed by esophagectomy (N=850). In group A, 679 patients received surgery alone, 92 received postoperative chemotherapy, 416 received postoperative CRT, and 114 received postoperative radiation therapy.
Histology was described according to the WHO classification. All patients were staged according to the 7th edition of the AJCC TNM staging system published in 2010. 7 The definition of pathologic complete response (pCR), or stage 0, was having no evidence of viable disease. High-grade dysplasia was considered T0, and T0N+ was assigned when no viable tumor was present in the esophagus and residual cancer cells were present in the LNs. Univariate and multivariate analyses were performed to determine which factors were independently associated with OS.
Statistical Analysis
OS was defined as the period from the date of the initial treatment of malignancy to the date of death or last follow-up, whichever came first. Date and cause of death were confirmed by death certificates from Taiwan. OS was calculated using the Kaplan-Meier method, and the difference in survival was determined by the log-rank test. An observation was censored in December 2012 when the patients were alive or had died of other causes. To investigate the impact of TNM on OS, the following clinicopathologic factors were included in the univariate analyses: age, sex, tumor location, histologic grade, surgical margin, and pathologic T, N, and M stages. All variables were entered in the multivariate analyses to identify independent predictors of survival. Univariate and multivariate analyses were performed with the Cox proportional hazards model using the SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA). Statistical analysis was considered to be significant for a P value less than .05.
Results
The basic demographic and pathologic characteristics and the survival time in these 2151 patients are summarized in Table 1 . Of these patients, 1301 underwent primary esophagectomy (group A) and 850 were treated with preoperative CRT followed by esophagectomy (group B). Regarding the location of tumors, in group A, 11.0% were found in the upper one-third, 36.6% in the middle one-third, and 33.4% in the lower one-third. In group B, 13.3% were found in the upper one-third, 39.3% in the middle one-third, and 22.8% in the lower one-third. Group A comprised 1212 men (93.2%) with a mean age of 56.24 years, and group B comprised 813 men (95.6%) with a mean age of 53.64 years. In group B, 222 patients (26.1%) had a pCR and 38 patients (4.5%) had T0N+ disease after preoperative CRT. In group A, the 3-year survival rates by pathologic stage were 82.2% for stage 0, 67.6% for stage I, 50.7% for stage II, 21.5% for stage III, and 14.8% for stage IV (P<.001) ( Figure 1A ). In group B, the 3-year survival rates for post-CRT pathologic stages 0, I, II, III, and IV were 59.4%, 46.0%, 40.3%, 19.1%, and 8.2%, respectively (P<.001) (Table 2, Figure 1B) .
In univariate analysis, clinicopathologic factors were analyzed (Table 2) . Age, surgical margin, tumor location, histologic grade, pT, pN, pM, and pathologic stage were found to be statistically associated with OS in group A. Surgical margin, histologic grade, ypT, ypN, ypM, and post-CRT pathologic stage remained significant prognostic factors in group B.
The Kaplan-Meier survival curves for patients with and without preoperative CRT according to the pathologic stage are shown in Figure 1 . Survival was significantly better in patients with pCR than in those who had residual tumor.
The survival curve in both groups was stratified by the T status ( Figure 2A and B). Survival became worse with increasing T status in both of the groups (P<.0001). The survival curve was also stratified by the N status in both groups ( Figure 3A and B). Worse survival was associated with an increased N stage in both groups (P<.0001).
A multivariate Cox regression model was constructed incorporating age, sex, tumor location, histologic grade, surgical margins, and pathologic T, N, and M stages (Table 3) . Age, surgical margins, pT, pN, and pM were independent prognostic factors in group A. Tumor location, surgical margins, ypT, ypN, and ypM remained independent prognostic factors in group B. In summary, the pathologic TNM was a significant independent prognostic factor in both groups.
Discussion
The TNM cancer staging system, the most widely used system, is based on tumor extent (T), LN invasion (N), and the presence of distant metastasis (M). With regard to the esophageal cancer staging system, the Worldwide Esophageal Cancer Collaboration analyzed 4627 patients who underwent surgery alone for adenocarcinoma, SCC, or undifferentiated cancer to form the 7th edition of the AJCC TNM staging system. In the 7th edition, adenocarcinoma and SCC are considered different entities in the esophageal cancer classification. Therefore, this analysis only included ESCC. The investigators identified 2151 patients undergoing esophagectomy with or without 13 studied 131 patients with esophageal cancer (88 with adenocarcinoma, 40 with SCC) and also found that the AJCC staging system for esophageal cancer was inadequate for patients receiving preoperative CRT. Because of the heterogeneous data, it is difficult to draw firm conclusions. All these previous studies used the 6th edition staging system, in which adenocarcinoma and SCC are staged similarly. In the 7th edition, adenocarcinoma and SCC are separated into different staging systems. Therefore, the present study only included patients with ESCC undergoing esophagectomy with or without preoperative CRT.
The patient numbers included in previous studies were small, and these studies did not differentiate between adenocarcinoma and SCC, which explains the inconsistent results. The present study's large population-based database enrolled 2151 patients with uniform histology. All of the patients were staged according to the 7th edition of the TNM staging system. In multivariate analysis, the pathologic T, N, and M stages were all independent prognostic factors in both groups A (surgery alone) and B (CRT plus esophagectomy). According to the analysis, the post-CRT pathologic stage could accurately predict survival in patients with ESCC treated with preoperative CRT followed by esophagectomy.
The effect of preoperative CRT on the pathologic staging of ESCC has not been well defined. Swisher et al 9 performed stage-specific survival comparisons between patients with and without preoperative therapy and found that the stage-specific survival rates were similar, except for those with stage I disease. Patients with advanced esophageal cancer are often treated with preoperative CRT, and pathologic downstaging has been suggested. In the present study, similar results regarding the effect of preoperative CRT for downstaging patients with ESCC were obtained. Although both pTNM and ypTNM could predict survival, the survival curves were not the same. For example, the 3-year survival rate in patients with pT1 tumors (68.3%) was better than in those with yT1 tumors (46.4%) (P<.0001). Therefore, the effect of preoperative CRT on T and N staging could be incorporated into a future version of the staging system.
After CRT, scattered residual tumor cells would exist within the esophageal wall and regional LNs, and therefore the accurate assignment of the deepest layers of tumor involvement may be questionable. [6] [7] [8] [9] [10] [11] [12] [13] [14] Several proposals have been suggested with respect to tumor response. 7, 12 In the population database, the pathologic regression grade was not recorded.
Based on this analysis, ypT and ypN remained independent prognostic factors on multivariate analysis. The hazard ratio for OS increased with advanced ypT and ypN. The ypT and ypN could stratify the survival course even without data on the tumor regression grade. The current ypTNM system could maintain the prognostic significance in the 7th edition of the esophageal staging system.
In the 7th edition of the AJCC TNM staging system, the N stage is classified based on the number of positive LNs in patients undergoing surgery alone (N0: no regional LN metastasis; N1: metastases in 1-2 regional LNs; N2: metastases in 3-6 regional LNs; N3: metastases in ≥7 regional LNs). However, the clinical impact of the number of LNs with metastasis in patients after preoperative CRT plus esophagectomy is still being investigated. [18] [19] [20] [21] Mariette et al 18 indicated that the number of LNs with metastasis is an independent prognostic factor in esophageal cancer regardless of preoperative CRT. Gu et al 19 showed that the number of involved LNs is a prognostic factor. Patients with pN0 had better survival than those with pN1. The present study analyzed a large national database and found that the ypN status seemed to be an important prognostic factor. When patients underwent preoperative CRT plus esophagectomy, the number of positive LNs could be used to subclassify the N stage in the staging system. Sterilization of LNs has been reported to be the major determinant of outcome after CRT, rather than histomorphologic tumour regression. 22 The pCR rate after preoperative CRT has been reported to be 25% to 30% in the literature. Patients with pCR had better survival than those with residual tumors. [23] [24] [25] [26] Similar results were obtained in the present study. In the TCR database, the pCR rate was 26.1%. In the remaining 73.9% of patients with residual tumors, the posttherapy pathologic stage remained a predictor of survival. The present data found that the current staging system could provide adequate survival estimates for patients with ESCC who underwent preoperative CRT followed by esophagectomy. T0N+ was defined as the absence of viable tumor in the esophagus but the persistent presence of metastatic LNs. Kim et al 27 reviewed 336 patients with esophageal cancer and identified 20 with T0N1. They indicated that the survival was similar to that of patients with stage II esophageal cancer with a pathologic partial response. In the present database, 38 patients had T0N+ esophageal cancer. The 3-year survival rate (32.6%) was also similar to that in patients with post-CRT pathologic stage II disease. The present study has several strengths compared with other published series. This series consists of a large number of patients (n=2151) with uniform histology (SCC). The investigators also performed stage-specific, T-specific, and N-specific survival comparisons to explore the discrepancy between the pTNM and the ypTNM systems. This study had several limitations, including its retrospective nature; the lack of data on chemotherapy regimens, response to CRT, and disease recurrence patterns; and the heterogeneous radiation dose.
Conclusions
This study showed that the 7th edition of the esophageal TNM staging system could adequately stratify prognostic groups in patients with SCC who underwent preoperative CRT and esophagectomy. However, the pCR and T0N+ stage are not included in the current 7th edition staging system. With the widespread use of preoperative therapy, these new therapies must be incorporated into future revised TNM staging systems.
